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Abstract

Six new species of the yeast genus Candida are described from their unique nucleotide sequences in the D1/D2 domain of 26S rDNA. Five
of these species form a clade with Candida tanzawaensis, and the sixth is basal to this group. The new species and their sources of isolation
are the following: Candida ambrosiae (type strain NRRL YB-1316, CBS 8844), from insect frass, rotted wood and mushroom fruiting
bodies; Candida canberraensis (type strain NRRL YB-2417, CBS 8846), from soil ; Candida caryicola (type strain NRRL YB-1499, CBS
8847), from a pignut hickory tree; Candida prunicola (type strain NRRL YB-869, CBS 8848), from exuded gum of a black cherry tree;
Candida pyralidae (type strain NRRL Y-27085, CBS 5035), from insect frass; Candida xylopsoci (type strain NRRL Y-27066, CBS 6037),
from insect frass. Published by Elsevier Science B.V. on behalf of the Federation of European Microbiological Societies.
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1. Introduction

Species-speci¢c gene sequences are increasingly being
used to identify yeasts. One such gene is the ca. 600-nu-
cleotide D1/D2 domain of large subunit (26S) ribosomal
DNA (rDNA), which resolves all but the most closely
related species. Databases of D1/D2 sequences are now
available for all currently recognized ascomycetous and
basidiomycetous yeasts ([1,2], and subsequent GenBank
entries), making the task of species identi¢cation relatively
straightforward. In the course of molecular characteriza-
tion of unidenti¢ed yeasts in the Agricultural Research
Service (ARS) Culture Collection (NRRL), six new species
of Candida were detected, and their descriptions are pre-
sented here. These species are of particular interest be-
cause they are closely related to Candida tanzawaensis, a
species that previously had no known close relatives [1].
Consequently, this ¢nding strengthens the belief that only
a small number of extant yeast species are known and that
molecular comparisons must be used if the full extent of
yeast biodiversity is to be understood.

2. Materials and methods

2.1. Yeast strains and growth tests

Strains of the new species studied are listed in Table 1,
and all are maintained in the Agricultural Research Ser-
vice Culture Collection (NRRL), National Center for
Agricultural Utilization Research, Peoria, IL, USA. The
composition of culture media used in this study as well as
procedures for fermentation, assimilation and other
growth tests standard to yeast taxonomy are given by
Yarrow [3].

2.2. rDNA sequencing and phylogenetic analysis

Methods for nuclear DNA isolation, ampli¢cation of
the 26S rDNA D1/D2 domain by polymerase chain reac-
tion (PCR), and sequencing with the ABI TaqDyeDeoxy
Terminator Cycle sequencing kit/ABI Model 377 auto-
mated DNA sequencer (PE Biosystems, Inc., Foster
City, CA, USA) were previously described [1]. All sequen-
ces reported are based on sequencing both DNA strands.
Phylogenetic relationships were calculated using the max-
imum parsimony program of PAUP* 4.063a [4] with heu-
ristic searches employing both simple and random se-
quence additions. Con¢dence limits for phylogenetic
trees were estimated from bootstrap analyses (1000 repli-
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Table 1
Strains of the new Candida species described

Species Strain designationa;b GenBank accession No. for 26S
domain D1/D2 sequences

Source

NRRL CBS

C. ambrosiae YB-1316T 8844 AY013716 Frass, insect tunnel, dead elm tree, Peoria, IL, USA.
YB-1928 8845 Rotted log of unidenti¢ed tree, McCormicks State Park,

Spencer, IN, USA.
YB-1949 Unidenti¢ed pink coral fungus, McCormicks State Park,

Spencer, IN, USA.
YB-2289 Unidenti¢ed mushroom on a rotted log, Peoria, IL, USA.
YB-2317 Frass, insect tunnel, sugar maple tree, Laconia, NH, USA.
YB-2725 Frass, insect tunnel, oak tree, Matthiessen State Park, IL,

USA.
C. canberraensis YB-2417T 8846 AY013718 Soil, hillside near Canberra, Australia.
C. caryicola YB-1499T 8847 AY013717 Pignut hickory tree, Peoria, IL, USA.
C. prunicola YB-869T 8848 AY013714 Exuded gum, black cherry tree, Peoria, IL, USA.
C. pyralidae Y-27085T 5035 AY013715 Frass from Pyralidae larvae, South Africa.
C. xylopsoci Y-27066T 6037 AY013719 Tunnel of Xylopsocus capucinus in Celtis africana, Natal,

South Africa.

a26S domain D1/D2 rDNA sequences were identical for all strains of C. ambrosiae.
bT, type strain; NRRL, Agricultural Research Service Culture Collection, National Center for Agricultural Utilization Research, Peoria, IL, USA;
CBS, Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands.

Fig. 1. One of two most parsimonious phylogenetic trees calculated from maximum parsimony analysis of 26S domain D1/D2 rDNA sequences depict-
ing the relationships of the six new species of Candida with C. tanzawaensis and reference species in the neighboring L. elongisporus/C. sake/C. sequanen-
sis clades. Schizosaccharomyces pombe was the outgroup species in the analysis. Branch lengths are proportional to nucleotide di¡erences, as indicated
by the bar, and numbers given at nodes are the percentage of frequencies with which a given branch appeared in 1000 bootstrap replications. Tree
length = 426, consistency index = 0.627, retention index = 0.683, number of parsimony-informative characters = 114 of 601 total characters in the dataset.
All sequences are from the type strains of the species shown. GenBank accession numbers for the new Candida species are given in Table 1; accession
numbers for the other species were given by Kurtzman and Robnett [1].
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Fig. 2. New species of Candida. C. ambrosiae NRRL YB-1316. A: Budding cells. B: Pseudohyphae with blastoconidia. C: Pseudohyphal cells showing
constrictions at the septa. C. canberraensis NRRL YB-2417. D: Budding cells. E: Pseudohyphae with blastoconidia. F: Pseudohyphae with prominent
septa. C. caryicola NRRL YB-1499. G: Budding cells ; in£ated spherical cells present in most of the new species are common in this photograph and
some show small denticles that bear blastoconidia. H: Pseudohyphae with blastoconidia. C. prunicola NRRL YB-869. I: Budding cells. J: Pseudohy-
phae with blastoconidia. C. pyralidae NRRL Y-27085. K: Budding cells. L: Pseudohyphae with elongate blastoconidia. C. xylopsoci NRRL Y-27066.
M: Budding cells. N: Well-developed pseudohyphae showing only slight constrictions at the septa. Budding cells are from 5% malt extract agar, 3 d,
25³C; pseudohyphae are from Dalmau plate cultures on yeast morphology agar, 7 d, 25³C. Bar = 5 Wm for all ¢gures.
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cations). All nucleotide sequences analyzed have been de-
posited with GenBank under the accession numbers given
in Table 1 or those listed by Kurtzman and Robnett [1].

3. Results and discussion

3.1. Detection and description of the new species

The six new taxa to be described were recognized as
novel species from their divergence in the variable 600-
nucleotide D1/D2 domain of 26S rDNA following com-
parison with a database containing D1/D2 sequences from
all currently recognized ascomycetous yeasts ([1], and sub-
sequent entries in GenBank). Kurtzman and Robnett [1]
demonstrated for ascomycetous yeasts that strains di¡er-
ing by more than 1% substitutions in this rDNA domain
represent separate species. Fig. 1 shows the relationships
of the proposed new species with their nearest neighbors
among known species. The most closely related species
pair is Candida sp. nov. NRRL YB-1316 and C. tanza-
waensis, which di¡er from one another by 1.5% substitu-
tions (9 of 601 nucleotides), whereas the most divergent
pair is Candida sp. nov. NRRL YB-1499 and Candida sp.
nov. NRRL YB-2417, which di¡er by 12.3% substitutions
(74 of 601 nucleotides). In view of the genetic separation
exhibited by the strains and the absence of ascosporula-
tion, the following six new species are proposed for the
genus Candida.

3.1.1. Latin diagnosis of Candida ambrosiae Kurtzman,
sp. nov.

In agaro malti post dies 3 ad 25³C, cellulae vegetativae
globosae (2.0^6.0 Wm), ellipsoideae aut elongatae (1.9^
4.5U3.0^25.0 Wm), singulae et binae. In agaro morphologi-
co post dies 7 ad 25³C, incrementum fuscum pallidum,
hebes, butyrosum; centrum colonia sublatum; margo glabro
vel undulato. Pseudohyphae ¢unt; hyphae verae non ¢unt.
Ascosporae non ¢unt. Glucosum, sucrosum (in¢rme), mal-
tosum (in¢rme, variabile) et trehalosum fermentantur. Ga-
lactosum, lactosum et ra¤nosum non fermentantur. Assim-
ilantur glucosum, galactosum, sucrosum, maltosum,
cellobiosum, trehalosum, melezitosum, D-xylosum, L-arabi-
nosum, D-arabinosum (variabile), D-ribosum, D-glucosami-
num, N-acetyl-D-glucosaminum, ethanolum, glycerolum,
erythritolum, ribitolum, D-mannitolum, D-glucitolum,
K-methyl-D-glucosidum, salicinum, D-gluconas, 2-keto-D-glu-
conas, acidum succinicum, acidum citricum, hexadecanum et
cadaverinum. Non assimilantur L-sorbosum, lactosum, meli-
biosum, ra¤nosum, inulinum, amylum solubile, L-rhamno-
sum, methanolum, galactitolum, 5-keto-D-gluconas, saccha-
ratas, DL-acidum lacticum, inositolum et potasii nitras.
Amylum non formatur. Vitaminae externae ad crescentiam
necessaria sunt. Crescit in medio 10 Wg ml31 cycloheximido
addito, variabile in medio 100 Wg ml31. Gelatinum non li-
quescit; pellicula ¢unt (variabile). Augmentum ¢unt in tem-

peratura 37³C. Typus: NRRL YB-1316 (CBS 8844) desig-
nat stirpem typicam. Isolata a dejectus coleopterorum in
Ulmus sp., Peoria, IL, USA. Depositata in Collectione Cul-
turarum ARS (NRRL), Peoria, IL, USA.

3.1.2. Description of C. ambrosiae Kurtzman, sp. nov.

3.1.2.1. Growth on 5% malt extract agar. After 3 d at
25³C, yeast cells are spherical (2.0^6.0 Wm) to ellipsoidal to
elongate (1.9^4.5U3.0^25.0 Wm), and single or in pairs
(Fig. 2A). Elongated cells are straight or curved and
may produce small denticles that bear blastoconidia.
Some elongated cells form an in£ated spherical tip cell
that may also form denticles that give rise to blastoconi-
dia. Budding is multilateral, but often occurs near the
poles of the parent cell. There are usually 1^3 buds per
cell. Colonies are white in color, dull to almost powdery,
but with a butyrous texture.

3.1.2.2. Dalmau plate culture on yeast morphology
agar. After 7 d at 25³C, growth under the coverglass
shows abundant pseudohyphae that often bear clusters
of blastoconidia (Fig. 2B). True hyphae were not seen,
but some of the pseudohyphae show well-developed septa-
tions between cells (Fig. 2C). Aerobic growth is dull, white
and almost powdery in appearance. Colonies are low with
a central plateau and margins may be smooth to ¢nely
lobed. Texture ranges from butyrous to somewhat myce-
lial.

3.1.2.3. Fermentation, assimilation and other growth
tests. Reactions are given in Table 2. Thin pellicles
were occasionally formed on stationary liquid media.

3.1.2.4. Type. NRRL YB-1316 (CBS 8844) is pre-
served as a lyophilized preparation in the Agricultural
Research Service Culture Collection (NRRL), Peoria, IL,
USA. The strain was isolated in 1949 by L.J. Wickerham
from frass in an insect tunnel in a dead elm tree (Ulmus
sp.), Peoria, IL, USA.

3.1.2.5. Etymology. The species name ambrosiae refers
to ambrosia beetles, the tunnels of which served as the
source of the type strain as well as two of the other iso-
lates of this species.

3.1.3. Latin diagnosis of Candida canberraensis Kurtzman,
sp. nov.

In agaro malti post dies 3 ad 25³C, cellulae vegetativae
globosae (2.0^4.5 Wm), ellipsoideae aut elongatae (2.0^
3.5U3.0^20.0 Wm), singulae et binae. In agaro morphologi-
co post dies 7 ad 25³C, incrementum fuscum pallidum,
hebes, butyrosum; centrum colonia sublatum; margo glabro
vel undulato. Pseudohyphae ¢unt; hyphae verae non ¢unt.
Ascosporae non ¢unt. Glucosum, galactosum (in¢rme) et
trehalosum fermentantur. Sucrosum, maltosum, lactosum

FEMSYR 1427 26-11-01

C.P. Kurtzman / FEMS Yeast Research 1 (2001) 177^185180



Table 2
Physiological characteristics of the six new Candida species

Physiological test Reaction ofa;b

C. ambrosiae C. canberraensis C. caryicola C. prunicola C. pyralidae C. xylopsoci

Fermentation
Glucose + + w + + w
Galactose 3 w 3 3 3 3
Sucrose w 3 3 3 3 3
Maltose w/3 3 3 3 3 3
Lactose 3 3 3 3 3 3
Ra¤nose 3 3 3 3 3 3
Trehalose + + 3 + + w
Assimilation
Glucose + + + + + +
Galactose + + + + + +
L-Sorbose 3 + 3 + + 3
Sucrose + + + 3 3 3
Maltose + + + 3 3 3
Cellobiose + + 3 3 3 +
Trehalose + + + + 3 3
Lactose 3 3 3 3 3 3
Melibiose 3 3 3 3 3 3
Ra¤nose 3 3 3 3 3 3
Melezitose + + + 3 3 3
Inulin 3 3 3 3 3 3
Soluble starch 3 3 3 3 3 3
D-Xylose + + 3 + + +
L-Arabinose + 3 3 3 + 3
D-Arabinose v 3 + 3 3 3
D-Ribose + + 3 3 + 3
L-Rhamnose 3 3 3 3 3 3
D-Glucosamine + + + + + +
N-Acetyl-D-glucosamine + + + + + +
Methanol 3 3 3 3 3 3
Ethanol + + + + + +
Glycerol + + + + + +
Erythritol + + 3 3 3 3
Ribitol + + + + + +
Galactitol 3 3 3 3 3 3
D-Mannitol + + + + + +
D-Glucitol + + + + + +
K-Methyl-D-glucoside + + + 3 3 3
Salicin + + 3 3 3 +
D-Gluconate + + + + + +
2-Keto-D-gluconate + + + + + +
5-Keto-D-gluconate 3 3 3 3 3 3
Saccharate 3 3 3 3 3 3
DL-Lactate 3 3 3 3 3 3
Succinate + + + 3 + +
Citrate + + + + + +
Inositol 3 3 3 3 3 3
Hexadecane + + + 3 + +
Nitrate 3 3 3 3 3 3
Additional growth tests
Vitamin-free medium 3 3 3 3 + +
Cadaverine + + + + + +
10% NaCl/5% glucose + + + + + +
Starch formation 3 3 3 3 3 3
Gelatin liquefaction 3 3 3 3 3 3
Cycloheximide, 10 Wg ml31 + + 3 3 + 3
Cycloheximide, 100 Wg ml31 v 3 3 3 3 3
Growth at 37³C + 3 3 + + +

a3, negative; +, positive; w, weak; w/3, weak or negative; v, strain variable, i.e. + or 3.
bReactions for C. ambrosiae are from the six strains listed in Table 1. Reactions for the other species are based on the type strains.
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et ra¤nosum non fermentantur. Assimilantur glucosum, ga-
lactosum, L-sorbosum, sucrosum, maltosum, cellobiosum,
trehalosum, melezitosum, D-xylosum, D-ribosum, D-glucosa-
minum, N-acetyl-D-glucosaminum, ethanolum, glycerolum,
erythritolum, ribitolum, D-mannitolum, D-glucitolum,
K-methyl-D-glucosidum, salicinum, D-gluconas, 2-keto-D-glu-
conas, acidum succinicum, acidum citricum, hexadecanum et
cadaverinum. Non assimilantur lactosum, melibiosum, ra¤-
nosum, inulinum, amylum solubile, L-arabinosum, D-arabino-
sum, L-rhamnosum, methanolum, galactitolum, 5-keto-D-glu-
conas, saccharatas, DL-acidum lacticum, inositolum et
potasii nitras. Amylum non formatur. Vitaminae externae
ad crescentiam necessaria sunt. Crescit in medio 10 Wg
ml31 cycloheximido addito, non in 100 Wg ml31. Gelatinum
non liquescit; pellicula ¢unt. Augmentum non ¢unt in tem-
peratura 37³C. Typus: NRRL YB-2417 (CBS 8846) desig-
nat stirpem typicam. Isolata a terra ex Canberra, Australia.
Depositata in Collectione Culturarum ARS (NRRL), Peor-
ia, IL, USA.

3.1.4. Description of C. canberraensis Kurtzman, sp. nov.

3.1.4.1. Growth on 5% malt extract agar. After 3 d at
25³C, yeast cells range from spherical (2.0^4.5 Wm) to el-
lipsoidal to elongate (2.0^3.5U3.0^20.0 Wm), and are sin-
gle or in pairs. Budding is multilateral but predominantly
near the poles of the cells (Fig. 2D). Elongated cells may
be straight or curved and some form small denticles that
bear blastoconidia. Not uncommonly, elongated cells form
an in£ated spherical tip cell that may also form denticles
with blastoconidia. Colonies are white, dull to almost
powdery and butyrous in texture.

3.1.4.2. Dalmau plate culture on yeast morphology
agar. After 7 d at 25³C, growth under the coverglass is
composed of abundant pseudohyphae with blastoconidia
(Fig. 2E). True hyphae were not found, but some of the
pseudohyphae exhibit well-de¢ned septa (Fig. 2F). Aero-
bic growth is dull, white and butyrous to mycelial. Colo-
nies are low convex with a slightly raised center and with
margins that are entire or infrequently lobed.

3.1.4.3. Fermentation, assimilation and other growth
tests. Reactions are given in Table 2. Moderately thick
pellicles are formed on stationary liquid media.

3.1.4.4. Type. NRRL YB-2417 (CBS 8846) is pre-
served as a lyophilized preparation in the Agricultural
Research Service Culture Collection (NRRL), Peoria, IL,
USA. The strain was isolated in 1950 by L.J. Wickerham
from a soil sample collected on a hillside near Canberra,
Australia.

3.1.4.5. Etymology. The species name canberraensis re-

fers to the city of Canberra, Australia, the location of the
soil sample yielding the type strain of this species.

3.1.5. Latin diagnosis of Candida caryicola Kurtzman, sp. nov.
In agaro malti post dies 3 ad 25³C, cellulae vegetativae

globosae (2.0^6.0 Wm), ellipsoideae aut elongatae (2.0^
5.0U3.1^25.0 Wm), singulae et binae. In agaro morphologi-
co post dies 7 ad 25³C, incrementum fuscum pallidum,
hebes, butyrosum; centrum colonia sublatum; margo glabro
vel denticulatus. Pseudohyphae ¢unt; hyphae verae non
¢unt. Ascosporae non ¢unt. Glucosum (in¢rme) fermenta-
tur. Galactosum, sucrosum, maltosum, lactosum, ra¤nosum
et trehalosum non fermentantur. Assimilantur glucosum,
galactosum, sucrosum, maltosum, trehalosum, melezitosum,
D-arabinosum, D-glucosaminum, N-acetyl-D-glucosaminum,
ethanolum, glycerolum, ribitolum, D-mannitolum, D-glucito-
lum, K-methyl-D-glucosidum, D-gluconas, 2-keto-D-gluconas,
acidum succinicum, acidum citricum, hexadecanum et cada-
verinum. Non assimilantur L-sorbosum, cellobiosum, lacto-
sum, melibiosum, ra¤nosum, inulinum, amylum solubile,
D-xylosum, L-arabinosum, D-ribosum, L-rhamnosum, metha-
nolum, erythritolum, galactitolum, salicinum, 5-keto-D-glu-
conas, saccharatas, DL-acidum lacticum, inositolum et pota-
sii nitras. Amylum non formatur. Vitaminae externae ad
crescentiam necessaria sunt. Non crescit in medio 10 Wg
ml31 cycloheximido addito. Gelatinum non liquescit; pelli-
cula ¢unt. Augmentum non ¢unt in temperatura 37³C. Ty-
pus: NRRL YB-1499 (CBS 8847) designat stirpem typi-
cam. Isolata a nucis ex Carya glabra, Peoria, IL, USA
Depositata in Collectione Culturarum ARS (NRRL), Peor-
ia, IL, USA.

3.1.6. Description of C. caryicola Kurtzman, sp. nov.

3.1.6.1. Growth on 5% malt extract agar. After 3 d at
25³C, yeast cells are spherical (2.0^6.0 Wm) to ellipsoidal to
elongate (2.0^5.0U3.1^25.0 Wm), and single or in pairs.
Budding is multilateral with 1^3 buds per cell that gener-
ally form near the poles of the cells. Longer cells are
straight or curved, and produce small denticles that give
rise to blastoconidia. Some of the longer cells divide form-
ing a globose in£ated terminal cell that often detaches.
These globose cells may form rachis-like outgrowths that
produce blastoconidia (Fig. 2G). Colonies are white with a
dull, almost powdery surface. The texture of the colony is
butyrous.

3.1.6.2. Dalmau plate culture on yeast morphology
agar. After 7 d at 25³C, growth under the coverglass
shows moderately branched pseudohyphae with blastoco-
nidia (Fig. 2H). True hyphae are absent, but occasional
pseudohyphae show distinct septa much like the preceding
species. Aerobic growth is dull, white and colonies are low
with a crateriform center. Margins are entire or with small
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denticulate outgrowths. The texture of the colony is bu-
tyrous to somewhat mycelial.

3.1.6.3. Fermentation, assimilation and other growth
tests. Reactions are given in Table 2. Moderately thick,
climbing pellicles are formed on stationary liquid media.

3.1.6.4. Type. NRRL YB-1499 (CBS 8847) is pre-
served as a lyophilized preparation in the Agricultural
Research Service Culture Collection (NRRL), Peoria, IL,
USA. The strain was isolated in 1950 by L.J. Wickerham,
apparently from a nut pod, of a pignut hickory tree
(Carya glabra (Mill.) Sweet) growing in Peoria, IL,
USA.

3.1.6.5. Etymology. The species name caryicola refers
to the genus name for hickory (Carya), the source of the
type strain.

3.1.7. Latin diagnosis of Candida prunicola Kurtzman, sp.
nov.

In agaro malti post dies 3 ad 25³C, cellulae vegetativae
globosae (2.1^4.0 Wm), ellipsoideae aut elongatae (1.4^
3.5U2.0^17.0 Wm), singulae, binae et fasciculatae. In agaro
morphologico post dies 7 ad 25³C, incrementum fuscum pal-
lidum, hebes, butyrosum; centrum colonia sublatum; margo
glabro. Pseudohyphae ¢unt; hyphae verae non ¢unt. Asco-
sporae non ¢unt. Glucosum et trehalosum fermentantur.
Galactosum, sucrosum, maltosum, lactosum et ra¤nosum
non fermentantur. Assimilantur glucosum, galactosum,
L-sorbosum, trehalosum, D-xylosum, D-glucosaminum,
N-acetyl-D-glucosaminum, ethanolum, glycerolum, ribito-
lum, D-mannitolum, D-glucitolum, D-gluconas, 2-keto-D-glu-
conas, acidum citricum et cadaverinum. Non assimilantur
sucrosum, maltosum, cellobiosum, lactosum, melibiosum,
ra¤nosum, melezitosum, inulinum, amylum solubile, L-ara-
binosum, D-arabinosum, D-ribosum, L-rhamnosum, methano-
lum, erythritolum, galactitolum, K-methyl-D-glucosidum,
salicinum, 5-keto-D-gluconas, saccharatas, DL-acidum lacti-
cum, acidum succinicum, inositolum, hexadecanum et potasii
nitras. Amylum non formatur. Vitaminae externae ad cres-
centiam necessaria sunt. Non crescit in medio 10 Wg ml31

cycloheximido addito. Gelatinum non liquescit; pellicula non
¢unt. Augmentum ¢unt in temperatura 37³C. Typus:
NRRL YB-869 (CBS 8848) designat stirpem typicam. Iso-
lata a gummi ex Prunus serotina, Peoria, IL, USA. Depos-
itata in Collectione Culturarum ARS (NRRL), Peoria, IL,
USA.

3.1.8. Description of C. prunicola Kurtzman, sp. nov.

3.1.8.1. Growth on 5% malt extract agar. After 3 d at
25³C, yeast cells are spherical (2.1^4.0 Wm) to ellipsoidal
(1.4^3.5U2.0^7.5 Wm) to elongate (2.0^2.5U6.0^17.0 Wm),
and single, in pairs or occasionally in small clusters
(Fig. 2I). Budding is multilateral with 1^3 buds per cell,

usually near the poles of the cell. Elongate cells often form
short denticles that produce blastoconidia. Occasional
elongated cells form a globose in£ated terminal cell.
Colonies are white, dull, powdery, and butyrous in tex-
ture.

3.1.8.2. Dalmau plate culture on yeast morphology
agar. After 7 d at 25³C, growth under the coverglass
shows sparingly branched pseudohyphae with clusters of
blastoconidia at the nodes (Fig. 2J). True hyphae were not
produced. Aerobic growth is dull, tannish-white and bu-
tyrous in texture. Colonies are low with an elevated center
showing pustule-like outgrowths; margins are smooth, but
may be interrupted by pseudohyphal outgrowths.

3.1.8.3. Fermentation, assimilation and other growth
tests. Reactions are given in Table 2. Pellicles do not
form on stationary liquid media, but thin ¢lms of growth
are present.

3.1.8.4. Type. NRRL YB-869 (CBS 8848) is preserved
as a lyophilized preparation in the Agricultural Research
Service Culture Collection (NRRL), Peoria, IL, USA. The
strain was isolated in 1947 by L.J. Wickerham from gum
exuded by a black cherry tree (Prunus serotina Ehrh.)
growing in Peoria, IL, USA.

3.1.8.5. Etymology. The species name prunicola refers
to the genus name for black cherry (Prunus), the source of
the type strain.

3.1.9. Latin diagnosis of Candida pyralidae Kurtzman,
sp. nov.

In agaro malti post dies 3 ad 25³C, cellulae vegetativae
globosae (2.7^6.0 Wm), ellipsoideae aut elongatae (2.1^
5.0U3.0^17.0 Wm), singulae et binae. In agaro morphologi-
co post dies 7 ad 25³C, incrementum fuscum pallidum,
hebes, butyrosum; centrum colonia sublatum; margo undu-
lato. Pseudohyphae ¢unt; hyphae verae non ¢unt. Asco-
sporae non ¢unt. Glucosum et trehalosum fermentantur.
Galactosum, sucrosum, maltosum, lactosum et ra¤nosum
non fermentantur. Assimilantur glucosum, galactosum,
L-sorbosum, D-xylosum, L-arabinosum, D-ribosum, D-gluco-
saminum, N-acetyl-D-glucosaminum, ethanolum, glycero-
lum, ribitolum, D-mannitolum, D-glucitolum, D-gluconas,
2-keto-D-gluconas, acidum succinicum, acidum citricum,
hexadecanum et cadaverinum. Non assimilantur sucrosum,
maltosum, cellobiosum, trehalosum, lactosum, melibiosum,
ra¤nosum, melezitosum, inulinum, amylum solubile, D-ara-
binosum, L-rhamnosum, methanolum, erythritolum, galacti-
tolum, K-methyl-D-glucosidum, salicinum, 5-keto-D-gluco-
nas, saccharatas, DL-acidum lacticum, inositolum et potasii
nitras. Amylum non formatur. Vitaminae externae ad cres-
centiam necessaria non sunt. Crescit in medio 10 Wg ml31

cycloheximido addito, non in 100 Wg ml31. Gelatinum non
liquescit; pellicula ¢unt (variabile). Augmentum ¢unt in

FEMSYR 1427 26-11-01

C.P. Kurtzman / FEMS Yeast Research 1 (2001) 177^185 183



temperatura 37³C. Typus: NRRL Y-27085 (CBS 5035)
designat stirpem typicam. Isolata a dejectus coleopterorum
(Pyralidae) in arbor, Africa australis. Depositata in Collec-
tione Culturarum ARS (NRRL), Peoria, IL, USA.

3.1.10. Description of C. pyralidae Kurtzman, sp. nov.

3.1.10.1. Growth on 5% malt extract agar. After 3 d at
25³C, yeast cells are spherical (2.7^6.0 Wm) to elongate
(2.1^5.0U3.0^17.0 Wm), and single or in pairs (Fig. 2K).
Budding is multilateral with 1^3 buds per cell, primarily at
the poles of the cells. Denticulate cells and in£ated spher-
ical cells, common to the preceding species, appear absent
in C. pyralidae. Colonies are tannish-white, dull and bu-
tyrous in texture.

3.1.10.2. Dalmau plate culture on yeast morphology
agar. After 7 d at 25³C, growth under the coverglass is
quite restricted with sparse pseudohyphae and limited pro-
duction of blastoconidia (Fig. 2L). True hyphae were not
produced. Aerobic growth is dull, tannish-white and bu-
tyrous in texture. Colonies are very low with a small,
slightly raised central plateau. Margins are irregularly
lobed.

3.1.10.3. Fermentation, assimilation and other growth
tests. Reactions are given in Table 2. Thin pellicles occa-
sionally form on stationary liquid media.

3.1.10.4. Type. NRRL Y-27085 (CBS 5035) is pre-
served as a lyophilized preparation in the Agricultural
Research Service Culture Collection (NRRL), Peoria, IL,
USA. The strain was deposited in the CBS Yeast Collec-
tion in 1961 by J.P. van der Walt as an unidenti¢ed strain
and had been isolated from frass of Pyralidae larvae in an
unspeci¢ed tree in South Africa.

3.1.10.5. Etymology. The species name pyralidae refers
to Pyralidae larvae, the source of the frass from which the
type strain was isolated.

3.1.11. Latin diagnosis of Candida xylopsoci Kurtzman,
sp. nov.

In agaro malti post dies 3 ad 25³C, cellulae vegetativae
globosae (2.5^7.0 Wm), ellipsoideae aut elongatae (1.5^
7.0U2.1^21.0 Wm), singulae et binae. In agaro morphologi-
co post dies 7 ad 25³C, incrementum fuscum pallidum,
hebes, butyrosum; centrum colonia sublatum; margo undu-
lato. Pseudohyphae ¢unt; hyphae verae non ¢unt. Asco-
sporae non ¢unt. Glucosum (in¢rme) et trehalosum (in-
¢rme) fermentantur. Galactosum, sucrosum, maltosum,
lactosum et ra¤nosum non fermentantur. Assimilantur glu-
cosum, galactosum, cellobiosum, D-xylosum, D-glucosami-
num, N-acetyl-D-glucosaminum, ethanolum, glycerolum, ri-
bitolum, D-mannitolum, D-glucitolum, salicinum, D-gluconas,
2-keto-D-gluconas, acidum succinicum, acidum citricum,

hexadecanum et cadaverinum. Non assimilantur L-sorbosum,
sucrosum, maltosum, trehalosum, lactosum, melibiosum, raf-
¢nosum, melezitosum, inulinum, amylum solubile, L-arabino-
sum, D-arabinosum, D-ribosum, L-rhamnosum, methanolum,
erythritolum, galactitolum, K-methyl-D-glucosidum, 5-keto-
D-gluconas, saccharatas, DL-acidum lacticum, inositolum et
potasii nitras. Amylum non formatur. Vitaminae externae
ad crescentiam necessaria non sunt. Non crescit in medio
10 Wg ml31 cycloheximido addito. Gelatinum non liquescit;
pellicula ¢unt. Augmentum ¢unt in temperatura 37³C. Ty-
pus: NRRL Y-27066 (CBS 6037) designat stirpem typicam.
Isolata a dejectus Xylopsocus capucinus in Celtis africana,
Natal, Africa australis. Depositata in Collectione Cultura-
rum ARS (NRRL), Peoria, IL, USA.

3.1.12. Description of C. xylopsoci Kurtzman, sp. nov.

3.1.12.1. Growth on 5% malt extract agar. After 3 d at
25³C, yeast cells are spherical (2.5^7.0 Wm) to elongate
(1.5^7.0U2.1^21.0 Wm), and single or in pairs (Fig. 2M).
Budding is multilateral with 1^2 buds per cell, usually
formed near the poles of the cell. Cells occasionally form
small denticles that bear blastoconidia. Cells with in£ated
spherical tip cells are common. Colonies are tannish-white,
dull, butyrous, but with pseudomycelial margins.

3.1.12.2. Dalmau plate culture on yeast morphology
agar. After 7 d at 25³C, growth under the coverglass
shows abundant branched pseudohyphae, but few blasto-
conidia. True hyphae were not observed, but many of the
pseudohyphal ¢laments have robust sparingly constricted
septa (Fig. 2N). Aerobic growth is dull, tannish-white, and
with a texture that ranges from butyrous to mycelial. Col-
onies are low convex with ¢nely convoluted margins.

3.1.12.3. Fermentation, assimilation and other growth
tests. Reactions are given in Table 2. Incomplete, mod-
erately thick pellicles form on stationary liquid media.

3.1.12.4. Type. NRRL Y-27066 (CBS 6037) is pre-
served as a lyophilized preparation in the Agricultural
Research Service Culture Collection (NRRL), Peoria, IL,
USA. The strain was deposited in the CBS Yeast Collec-
tion in 1969, and had been isolated by D.B. Scott from the
tunnel of Xylopsocus capacinus in Celtis africana growing
in Natal, South Africa.

3.1.12.5. Etymology. The species name xylopsoci is de-
rived from the genus name (Xylopsocus) of the beetle larva
with which the type strain was associated.

3.2. Examination of the new Candida species for an
ascosporic state

Individual strains of each of the six species, as well as a
mixture of all six strains of C. ambrosiae, were placed on
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YM, 5% malt extract, RG, and McClary's acetate agars
and incubated at 15 and 25³C. Strains incubated at 25³C
were examined weekly for 2 months and strains placed at
15³C were examined at 10^14 day intervals for 5 months.
None of the individual strains, nor the mixture of C. am-
brosiae strains, showed either conjugation or ascosporula-
tion.

3.3. Phenotypic separation of the new species

As seen from Table 2, there are su¤cient di¡erences in
physiological reactions to allow separation of the six new
Candida species from one another, and from C. tanza-
waensis based on the data reported by Meyer et al. [5].
However, physiological tests would not have clearly re-
solved these species from currently described taxa. For
example, the fermentation and assimilation pattern of
C. ambrosiae is essentially identical to that of Candida
atmosphaerica [5], and the two species di¡er primarily on
presence or absence of growth at 37³C. The other ¢ve new
Candida species are physiologically nearly indistinguish-
able from a number of earlier described species [6], further
emphasizing the need to use molecular comparisons for
strain identi¢cation.

3.4. Phylogenetic placement of the new species

Phylogenetic analysis of D1/D2 domain sequences from
all currently accepted anamorphic and teleomorphic asco-
mycetous yeasts has shown that a substantial number of
species have no close neighbors [1]. Among these isolated
species were C. tanzawaensis and Candida sequanensis,
which show only weak a¤nities with each other as well
as with the neighboring Lodderomyces elongisporus and
Candida sake clades. One of the questions coming from
that work was whether these species are genetically iso-
lated because they are restricted to particular habitats,
or because additional members of their clade either have
not been isolated or have not been recognized as related.

Five of the new species described here form a clade with
C. tanzawaensis, a species known from a single strain iso-
lated from a moss plant growing on Mt. Tanzawa in Ja-
pan [7]. The sixth new species, C. caryicola, is basal to the
C. tanzawaensis clade and only weakly associated with it
(Fig. 1). The present molecular comparison further dem-
onstrates that only a small number of extant yeast species

have been recognized. Species of the C. tanzawaensis clade
are widely distributed geographically (Japan, Australia,
South Africa, USA), which suggests that many more spe-
cies of this clade await discovery. Because a signi¢cant
number of the isolates are from frass of beetle larvae,
wood boring insects might represent an important source
of species from the C. tanzawaensis clade.
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